One of the keys to success for product competition in the market depends on the effectiveness of its product development. This article presents a generic framework of product development which focuses on the conceptual design. The framework is developed with concurrent engineering strategy where it takes into account the product life cycle considerations within the early phases of the conceptual design. The proposed framework starts from product investigation, product specification and conceptual design. Implementation of the framework is illustrated on a case study of metal matrix composite brake disc rotor design, where there is an avenue for conceptual research since the progress of metal matrix composite utilisation in the automotive industry is limited due to their high cost in comparison with conventional alloy. The possible outcome for product investigation, product specification and conceptual design of metal matrix composite brake disc rotor are presented as part of the selection of best conceptual design. Moreover, the proposed framework is an aid to help engineers and designers to make an effective and systematic product development through a sound conceptual design decision from possible product concept alternatives.
Introduction
In the global market, competitive edge is not only vital to increase market share but it is a primary requirement to guarantee continued existence, thus developing a set of successful and profitable products is the key to success for companies [1] . One of the success factors of a product is decided on its product development (PD), where its priority goal is to develop a product with low cycle time, high quality and high output value [2] .
An efficient PD has always been an important factor for a successful component of metal matrix composite (MMC). Significant properties of MMC are high strength-to-weight ratio, enhanced mechanical and thermal properties over conventional materials, improved fatigue and creep characteristics, better wear resistance, and tailor-ability. These features have attracted engineers and designers especially in the transportation sector. The first application of MMC in automotive industry was in car engine, which utilised selectively reinforced aluminium metal matrix composite for pistons in the Toyota diesel engine [3] [4] .
Aluminium based metal matrix composite (Al-MMC) has a potential combination properties for brake system application in replacement of cast iron. Specific advantages of Al-MMC are very good wear resistance and high thermal conductivity. The low density of Al-MMC contributes weight reduction thus reduces inertial forces and providing benefit in fuel saving. Additional advantages are reduction of brake noise and more uniform frictional property compared to cast iron [5] [6] [7] . In addition, Al-MMC applications in the automotive sector have been predicted to increase with significant amount in the future [8] . Al-MMC was initially developed and used as brake disc rotor material by Lotus Elise from 1996 to 1998 and Plymouth Prowler in 1997. Discontinuously reinforced aluminium rotors are also featured in lightweight vehicles such as the Volkswagen Lupo 3L and the Audi A2 [9] . Although MMC has been applied for brake disc rotor, the product has not yet been highly produced and used widely for replacement of the existing iron brake disc rotor. Therefore, a systematic and efficient PD strategy is required which provide foundation for MMC application in brake disc rotor.
Literature review
Conceptual design is the activity in which decision of the design and its' related processes are done correctly with judgment of thought, where designer factor is emphasized. The process of conceptual design is the integration of scatter resources to research and design products in coordination. Moreover, the activity of conceptual design supported by product management, knowledge and information will promote the progress of the whole modern production process [12] . Design concept selection (DCS) is one of the most significant activities is the PD process. DCS is the decision making stage of concept design, where designers evaluate product concepts keeping in mind to customer needs, product design specifications and the designer's intention [13] . There have been previous researches that study selection framework, although most relevant projects only implicitly support material-design framework integration [14] . Ljungberg and Edwards [15] proposed an integrated product materials selection (IPMS) framework. They developed an approach to present a materials selection model that is a part in an integrated PD model, in which both physical and metaphysical properties are analysed for different types of products. Olson et al. [16] had proposed a framework in material selection of hierarchy structured which addressed on the application of advanced stainless steel. In the proposed framework, they had included the elements of processing, structure, and performance which are then organized as a hierarchical system. The proposed approach had effectively handled the interactions between the elements.
Previous conceptual studies on MMC were attempted, such as a study by Schoutens and Zarate [18] , where they had developed a design methodology based upon the concepts of structural indices for the conceptual selection of MMC. In this study, technical, operational and cost criteria were discussed. The relevant material property equations were presented. Structural indices such as weight-to-strength, impact resistance, fracture, flexural rigidity, structural efficiency of columns, plates and shells were used to perform selection of some MMC applications. Another conceptual study of MMC was by Legzdins et al. [19] , in their work they proposed an expert system which supports the selection and design of MMC. The module consists of dynamic hypertext interface integrated into expert system. Mechanical and thermo-physical data of the material components were used coupled with mathematical models to determine the composite properties. The result was a database of constituent material compatibility. In this module, information on suitable manufacturing techniques was also available. A case study involving selection of MMC for cryogenic component was analysed. An evaluation of conceptual design feasibility of composite nuclear diverter was performed by You [20] . The MMC component consisted of tungsten armour, copper composite interlayer and copper heat sink where the composite interlayer was inserted into stressed domain close to the bond interface. The structural reaction of the component and the microscale stress evolution of the MMC were investigated.
From the review, it can be summarised that integration of various parameters such as design, material and manufacturing process is necessary for the development of a conceptual design framework. However, it is necessary to extend for specific engineering application where component design is necessary to be considered in the framework. Also based on the review, conceptual studies on MMC have been conducted to develop the knowledge of MMC where it served as milestones and to fill the gaps between experimental results and the industrial applications for the growing utilisations of MMC in various applications.
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Advanced Materials Engineering and Technology Therefore, based on the assessment of previous works, a research objective is set, which is to develop a generic framework to integrate the most significant design parameters i.e. manufacturing process, material and design concepts by providing an approach from product investigation (PI), product specification (PS) and conceptual design (CD). Moreover, under this framework, the conceptual phase streamlines and integrates concurrent activities, which include generation, analysis and selection of design concepts. As an implementation of the framework, an application of advanced material, MMC brake disc rotor component is included.
Finally, the intended goal of this framework is to enable engineers and designers to perform PD systematically and achieve faster results in selecting the optimum conceptual design. Thus contribute to the reduction of development cycle time and cost, and moreover it will improve the competitiveness of the product.
Proposed Conceptual Design Framework
The development of the generic framework ( Fig.1 ) under PD environment is inspired by Pugh [21] , known as total design methodology. The focus of this research is under the area of study which is the proposed conceptual design framework. It has been developed based on CE strategy where parallel activities are stimulated. CE encompasses the entire product life cycle and requires the integration of business and engineering application effectively which involves the management of product and process data coupled with engineering knowledge [22] [23] . Fig.1 Product development and the area of study for conceptual design framework CE enables design and manufacturing entities to bring new products quickly and reduce product defects by iterative and substantive considerations in the early phase of PD process [24] . With early consideration of information, different phases of the problems can be tackled while at the same time the design parameters are evolving. For uniqueness of the proposed framework it is referred as Integrated Concurrent Conceptual Design (ICCD) framework [25] . 
ICCD framework and MMC case study
The proposed ICCD framework is depicted in Fig.2 . Its' phases and working flow are discussed in detail in the next section. Moreover, an implementation of the ICCD framework is envisaged through a case study of MMC brake disc rotor component. 
Product investigation
This is the first phase in the PD and it is pivotal in determining the success of a product. Product investigation or commonly known as market investigation is an activity of taking information of current and future trends of customers and external factors such as competition into consideration when making decisions [26] . The use of market information has a positive consequence on the PD [27] [28] . Copper [29] informed that there are products which failed due to incorrect product investigation and market analysis thus unable to meet the customers' expectations.
In this study, product investigation covers the activity of collecting information from three prominent sources, this include product investigation among users (PI-USER), product investigation from the industries (PI-IND) and product investigation from scientific sources (PI-SCI). Information is collected from users through review of supplier and customer opinions on the product. While industrial information is collected via technical reports and patents from industry sector. Finally, scientific information is surveyed from research reports and articles from the scientific community. 
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PI-USER describes the result of the activity to survey user regarding brake disc rotor performance. This review is to identify the key performances which have to be considered during the conceptual design. Samples of user voice regarding brake disc rotor are listed as follows.
• PI-USER1:"I wish only I had painted the centre hubs…they have rusted after 5000miles" [30] .
• PI-USER2:"Previous MMC brake rotors were prone to "cook" or even crack under track use" [31] . • PI-USER3:"The weight reduction is unsprung weight…has the potential to improve handling and ride quality as well as improve fuel economy and hard braking performance" [32] .
A survey has been conducted for the product investigation to fulfil the industrial input on the performance of brake disc rotor. This information is collected either from technical reports, industrial documents or patents. Below is the list of samples which represent the PI-IND. Inexpensive raw material. Low processing costs [35] .
The third activity of product investigation is to review the key performance of brake disc rotor from scientific literatures (PI-SCI). This information is collected from scientific journals, publications and proceedings. The samples of PI-SCI are listed below.
• PI-SCI1: The tendency of brake rotors is to achieve light weight, high mechanical properties and steady-state friction level [36] . • PI-SCI2: Reinforcements of hard ceramic particles, in ductile metallic matrices can produce composites with considerably higher stiffness and yield strength compared with the unreinforced matrix alloys [37] . • PI-SCI3: For the success of MMC application, cost is the key factor for wider application in modern industry, although potential benefits in weight saving, increased component life, and improved recyclability should be taken into account [38] .
Product specification
The product specification is identified after evaluation of product investigation. The information collected and gathered during product investigation is translated into product specification. It is considered as a technical document organised early in the PD which acts as a requirement standards necessary for product design. According to [39] product design specifications can be classified into several items, such as, performance, environment, maintenance, and service life. In this framework the product design specifications are merged and classified into three major design parameters which have the most influence on the outcome of conceptual design. These parameters are product specification for product specification for manufacturing process (PS-PRO), product specification for material (PS-MAT) and product specification for design (PS-DES). By identifying the product specifications, it enables a concurrent and comprehensive consideration of all design aspects.
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For the case study, product specifications are the main parameters required to develop MMC brake disc rotor. Fig.3 shows some of the PS-PRO, PS-MAT and PS-DES of MMC brake disc rotor. Fig.3 Product specifications for MMC brake disc rotor
Conceptual Design
The core of ICCD framework is the conceptual design phase. It consisted of three main activities, which are, concept generation, analysis and selection. Here the most vital and essential activities are carried out, where it forms the background work involving many complex evaluation and decision making tasks [40] .
Concept generation
Concept generation is performed with a combined technique which is referred as Idea Storming and Mapping (ISM). The proposed method involves brain storming and mind mapping. Brain storming was first introduced by Osborn as reviewed in [41] . The "storm" way of thinking by the brain is used to generate new ideas. Mind mapping was first proposed by Buzan as implied in [42] . It acts as a method in realizing ideas generation by the brain activity. This process is flexible and a powerful tool to stimulate creativity. A "spider diagram" or "mind map" is used for problem decomposition tool. The central theme is written in the centre of the chart and all the generated ideas are written around it.
Concept analysis
Computer aided design (CAD) and computer aided engineering (CAE) are used for concept analysis. In line with fast development of complex and high-tech applications in various fields, product and components requirements become more critical. This has been supported by the development of computer assisted software and hardware used in manufacturing bring benefits through enhancement of existing administrative PD, such as team integration, direct communications and coordination around standards [43] [44] . Computer software such as SOLIDWORKS or AUTOCAD can be used for CAD function. Software such as ABAQUS or ANSYS can be employed for CAE by utilising the finite element (FE) analysis package. 
PS-DES
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Concept selection
Concept selection is the Rubicon in the PD. It is very important that the best initial concepts are selected, as they determine the direction of the design embodiment stage [45] . It is stated in the literature that nearly 60-80% of the cost is committed during concept selection [46] . After this stage has been passed, the PD will diverge towards a detailed solution. In this research a new multi criteria decision making technique is developed, it is refereed as CoNQA [25] . This new technique is based on collaboration between concurrent network (CN), quality function deployment (QFD) and analytical hierarchy process (AHP). In the concept selection process the previously identified product specifications are used for identification of product conceptual design parameters. The product conceptual design parameters and technical specifications formed the product criteria for the conceptual selection. Then, it is divided into criteria for manufacture process selection (CRIT-PRO), criteria for material selection (CRIT-MAT) and criteria for design selection (CRIT-DES).
With respect to the case study of MMC brake disc rotor, alternatives for conceptual parameters of manufacture process, material and design are presented here. They are selected based upon the criteria set previously. These alternatives are referred as ALT-PRO for process, ALT-MAT for material and ALT-DES for design. Fig. 4 shows some of the identified alternatives available for the conceptual design of MMC brake disc rotor.
Discussion
The ICCD framework is applied on a case study of MMC brake disc rotor. The working flow, include the phases of product investigation, product specification and conceptual design which covered MMC brake disc rotor development. For example information regarding MMC brake disc rotor is presented in PI-USER, where it indicates preference for "not easily rust" translated to PS-MAT of high "corrosion resistance". For PI-IND referring to "dimensional stability to reduce vibrations effect" is translated to PS-DES of high "structural integrity". Also PI-SCI of "reinforcements of hard ceramic particles, in ductile metallic matrices" translated to PS-PROC, of "compatibility for functionally gradient material". The information gathered serves as performance indicators which are fulfilled during the PD of MMC brake disc rotor. Fig. 4 Concept design of MMC brake disc rotor *Material designation format is A/B/Cx. In the case of Al356/SiC/20p. A refers to the matrix alloy (e.g. 365), B the type of reinforcement, (e.g. SiC), C the reinforcement volume percent, (e.g. 20%), x the shape of the reinforcement (f = fiber, sf = short fiber, p = particulate, w = whisker).
CRIT-PRO
CRIT-MAT
CONCEPTUAL DESIGN (CD)
Best After identifying the performance indicators of MMC brake disc rotor, the next phase is conceptual design where it involves the generation, analysis and selection of the concept alternatives. Here the product concept parameters and technical specifications are employed as the selection criteria. It is categorised into criteria for manufacture process selection (CRIT-PRO), criteria for material selection (CRIT-MAT) and criteria for design selection (CRIT-DES). These criteria are used for the selection of conceptual alternatives, which are ALT-DES for design alternative, ALT-PRO for manufacture process alternative and ALT-MAT for material alternative.
In the case study, for ALT-PRO a series of MMC manufacture by means of casting techniques are opted for the alternatives. The justification for this is due to the fact that casting techniques are the most direct and efficient method for producing MMC components. Also for ALT-MAT, aluminium based metal matrix composites (Al-MMC) are listed for the alternatives, since the material properties of Al-MMC is identified as the most suitable for the application of brake disc rotor. Finally, for ALT-DES is based on the modifications of ventilated rotor with changes on the feature designs for the selection of the best design. Ventilated rotor is opted for the base design because current passenger cars utilised this type of brake disc rotor. Thus the possibility of replacing iron brake disc rotor with MMC brake disc rotor is explored.
Conclusion and further work
Today's fast and dynamic market requires highly innovative products. Top achievement of a product is dependent upon the effectiveness and efficiency of the PD. This research aims at reducing uncertainty in PD, therefore, an integrated PD framework is developed which focuses on the conceptual product design and referred as Integrated Concurrent Conceptual Design (ICCD). Moreover, CE strategy is used within the framework for simultaneous and early consideration of all design aspects.
The framework applies product investigation and product specification to extract all necessary information for the PD. The next phase is conceptual design, where its' core function revolves around the concept generation, concept analysis and concept selection. As an implementation of ICCD framework, a case study on MMC brake disc rotor is presented. The implementation shows that the proposed framework is capable of performing integrated PD activities covering design, manufacture and material conceptual aspects. It is planned for further work will be on the full utilisation of framework, in which the main target is to select the best conceptual alternatives for MMC brake disc rotor.
In the long term, ICCD framework can be recommended and implemented for PD in medium and large manufacturing companies which have the facilities to enable the application of CE strategy. Whereas, a small medium enterprise (SME) could be involved in the supporting role such as performing thorough surveys to collect information during the PI phase.
